One hundred and one children with cystic fibrosis had detailed studies of the vectorcardiograms and pulmonary function tests. The vectorcardiographic diagnoses were (1) right ventricular hypertrophy (14 patients), (2) 
T HE FIRST published case of cor pulmonale in cystic fibrosis was as recently as 1949,1 and the pathogenesis is still unclear. 2 Estimates of the frequency vary according to the literature consulted but have ranged as high as 70% based on postmortem data,3 whereas estimates based on clinical criteria have rarely exceeded 17%. This discrepancy is at least in part the result of failure of the electrocardiogram to detect right ventricular hypertrophy in patients with cystic fibrosis.3-6 A similar situation exists in adults with chronic obstructive pulmonary disease This work was supported in part by National Institutes of Health Grants HE-08286, AM-08305, and AM-06748 and Cleveland Area Heart Society Grant 1709.
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in whom the electrocardiogram is notoriously unreliable for detecting right ventricular hypertrophy. [7] [8] [9] [10] [11] The reasons for the discrepancy between electrocardiographic, clinical, and pathological findings remain poorly understood.
In the past there has been much pessimism concerning the prognosis and treatment of cor pulmonale. This attitude dates from an era vhen therapy was concentrated on the right heart failure rather than on the underlying pulmonary disease. As our knowledge of the pathophysiology of the condition has increased and as our ability to treat and control the underlying pulmonary condition has improved, the necessity for early and accurate evaluation of the cardiac status has become obvious. vectorcardiograms, along with measurements of lung volume and maximal breathing capacity. The ability to detect right ventricular hypertrophy as well as unusual abnormally posterior vector will be demonstrated. 12 Specific correlation with the pulmonary function data has been shown, and an explanation will be given of the special superiority of the orthogonal vectorcardiogram to the electrocardiogram in cystic fibrosis.
Methods Subjects for this study were from the cystic fibrosis center of the Babies and Children's Division of University Hospitals of Cleveland. All of these patients were on an intensive, comprehensive and, when possible, prophylactic therapeutic regimen.'3 Their ages ranged from 4 to 20 years, with an average age of 8.9 years (table  1) . Electrocardiograms were obtained on each child just before the vectorcardiogram. Pulmonary function studies were performed on the same day in the majority of cases.
Circulation, Volume XXXV, March 1967 The vectorcardiograms were recorded on a Hart Model PV-3 vectorcardiograph. Placement of the electrodes for the Frank system'4 was the fourth interspace, as suggested by Langner and associates15 for the supine position. Multiple 35-mm photographs were taken of each of the three planes in both the cube and Frank lead systems.
The left sagittal convention was employed in the Frank system; the right sagittal in the cube system.
The vector loop was composed of tear dropshaped dashes, which appeared every 0.002 second on the QRS vector. The trace shift mechanism, as well as electronic elimination of the T wave, was employed to enable clarification of the null point. 16 Multiple measurements were made (1) of the magnitude and direction of the maximal QRS, half area, and T vectors, (2) systemil, the quality of recor-dinig xwas far sUlperiiOr, l)ut in mtaniy cases, the frontal planie-timed vecto-s xvere also (lifficuilt to readl. Therefore, the timrledi dlata from onliy the horizontal and sagittal planies will be pr-esentedl. Multiple measurements also were made (4) of the maximal projections along the X, Y, and Z axes, and (5) [8] 0.39 [13] 1.00 [23] (0.57) (0.55) (0.41) 0.33 [10] 0.35 [20] 0.36 [22] [13] (39.6) 50 [10] (28.5) Unutsual type of RVH in cystic fibrosis. Note clockwise horizontal platle vectorcardiogram.
Diagnosis cannot be mlade from, electrocardiogram alone.
Results

Diagnostic Categories
The Frank system was used as the major vectorcardiographic system, the cube system being utilized mainly in a supplementary manner as a diagnostic aid. The patients were classified into five groups based on the following vectoreardiographic diagnostic categories: (1) fig. 1 ). There were two cases in the right ventricular hypertrophy group in which these criteria were not fulfilled. In the first case ( fig. 2) , the linear projection to the right on the X axis was only 0.28 mv, but the entire body in both the sagittal and horizontal vector tracings was located anterior to the isoelectric point. In addition, the horizontal loop rotated clockwise in both the Frank and cube systems. In the second case, the terminal projection to the right on the X axis measured 0. 22 S. E. 12YR-C F-POST-VECTOR remaining patients, the posterior linear projection on the Z axis in the cube lead system was greater than the mean value of this projection in normals by at least 2 standard deviation units. In the remaining patient, who was also diagnosed as having low voltage, the diagnosis was based on a greatly increased ratio of the posterior to the anterior linear projection in the Frank system.
Abnormally posterior vector and right ventricular hypertrophy. The patients in this group met the above criteria for both right ventricular hypertrophy and abnormally posterior vector ( fig. 4) 4. In the loxv-voltage group, the mean values were no greater than 67% of the normal values except in the case of the superior and rightward linear projections, which were greater than normal. 5. In the grouip considered within nor-mal limits ( fig. 5) (This is probably even more significant con- (groups 1 and 2) from the other groups.
The directions of inscription in the three planes were uisually niot helpful in differentiating the various groups, for they were not usually different from those of normal children.'8 It was no surprise that clockwise rotation occurred only twice in the horizontal plane of the Frank system, but it was a distinct surprise to have it occur only five times in the cube system (table 6).
Electrocardiograms (Table 7) In the right ventricular hypertrophy group, (Table 8) In 25 of the 35 patienits whose vectorcardiograms were diagnosed as being within normal limits, lung volume data were also normal. The other 10 patients did have abnormal findings on pulmonary function tests, but the changes were not marked, and the means for all measurements for the group were not significantly different from the normal.
Comparison of the results of the pulmonary function tests for the patients with right ventricular hypertrophy on the vectorcardiogram revealed that the vital capacity was significantly less than in the group considered within normal limits (P < 0.05). The functional residual capacity and residual volume results were not significantly different from those of the "normal" group. An opposite relationship was found when the results of pulmonary function tests on the group of patients showing abnormally posterior vectors were compared with those obtained in the patients showing tracings within normal limits. Here the vital capacity was not significantly decreased, while the functional residual capacity (P < 0.05) and residual volume (P< 0.005) were significantly increased. The vital capacity was significantly decreased in all groups except for the abnormally posterior group and the normal group, whereas the residual volume and functional residual capacity were significantly above normal in all groups but the pure right ventricular hypertrophy group and the "normal" group. Thus, the finding of right ventricular hypertrophy on the vectorcardiogram appears to correlate best with a decreased vital capacity (restrictive pulmonary disease), while the abnormally posterior vector correlates best with increased functional residual capacity and residual volume (obstructive overinflation of the lung).
A chi-square analysis was made to study the interrelationship of the vectorcardiogram, the pulmonary function test results, and the chest x-ray evaluations ( In 23 of the patients, the vectorcardiographic diagnosis and pulmonary function test data did not match well. In an effort to evaluate this discrepancy, vectorcardiograms and lung volume data were obtained again 3 years following the initial study.
Seventeen patients in the initial study showed abnormal vectorcardiograms, despite normal or near normal pulmonary function test results. Most of these children had been poorly treated for a number of years and at one time had been severely ill with pulmonary involvement before they were started on the intensive therapeutic regimen. In all of these cases, the response to intensive treatment of the obstructive pulmonary lesion was dramatic and the patients were well compensated at the time of the initial study. Over the 3-year follow-up period between vectorcardiograms, 16 of these patients remained in good control. The repeat vectorcardiograms on eight of these 16 showed evidence of improvement. This finding was interpreted as indicating that the initial vectorcardiograms had indicated previous severe pulmonary involvement.
In pends not only on how far to the right the terminal appendage is, but how far anterior'6' 17 ( fig. 8) , the more posterior the rightward appendage is, the less likely or the smaller will be the reflection on the right chest leads. In the group with right ventricular hypertrophy alone, the terminal rightward appendage was 0.77 mv posterior. This is more posterior than in normal patients. However, in the group with additional abnormally posterior vector, the average terminal rightward vector was even more posterior at 1.17 mv. The average rightward terminal projection in each group was similar at 0.50 and 0.41 mv. Clearly then, the major factor in the inability of the electrocardiogram to reflect the terminal rightward projection was the presence of the posterior vector.
Leftward Deviation of the 0.01-Second Vector It is not known why the initial forces were significantly more to the left than normal. Though the finding is consistent with the belief of some that in pulmonary heart disease, the heart anatomically rotates clockwise, it is also known that in the right ventricular hypertrophy of congenital heart disease, this is a common finding25; and we believe that right ventricular hypertrophy in our patients provides a more plausible explanation. (It is important to note that we did not use this criterion as a mean of diagnosing right ventricular hypertrophy.) It is possible that the inferior portion of the right ventricle, which is more to the left than some portions of the left side of the septum, is hypertrophied. Consequently, since this portion of the right ventricle is depolarized very early, it may overcome much of the left-to-right force of septal depolarization and cause the early vector to go quickly to the left. The abnormally inferior deviation of the 0.01-second vector in the group with isolated right ventricular hypertrophy supports this hypothesis. An increase in right-to-left septal forces also appears reasonable but has never been proved.
Comparison of Cube and Frank Systems
It is of great interest that the Frank system was usually superior to the cube system in detecting right ventricular hypertrophy, as well as in detecting the abnormally posterior vector.
The cube system's traditional ability to detect mild right ventricular hypertrophy has been attributed to artifactually accentuated anterior forces on the Z axis. Perhaps, in patients with chronic obstructive lung disease, the abnormally posterior vector, together with accentuated anterior forces due to right ventricular hypertrophy, counteracted each other so that the cube vectorcardiogram appeared normal.
Pulmonary Function
The correlation of pulmonary function test and vectorcardiographic data was good considering the multi-organ involvement and complicated pathology of cystic fibrosis. Evidence of airway obstruction and air trapping (increased functional residual capacity, and residual volume, and the ratio of residual volume to total lung capacity) correlated well with an abnormally posterior vector. This correlation lends further support to the theory proposed by Littman9 that lung factors, and especially overinflation, cause alterations of electrical conduction. The data suggest that electrical conduction anteriorly is not as good as posteriorly in the presence of air-trapping or obstructive emphysema.
A significant decrease in vital capacity tends to be associated with advanced structural damage and fibrosis in the lungs. In the 14 cases showing only RVH, the evidence of restrictive pulmonary disease predominated over the evidence of obstructive pulmonary disease. It is probably significant that in this group of patients, the decrease in vital capacity correlates well with vectorcardiographic evidence of right ventricular hypertrophy and presumably cor pulmonale. Since the organic pathological changes in the tracheobronchial tree in cystic fibrosis also predispose to progressively more severe airway obstruction, it is not surprising that 24 patients showed both RVH and an abnormally posterior vector. It is not possible from these data to eliminate the possibility that the abnormally posterior vector is an early manifestation of RVH, but this does not seem likely with the presence of an abnormally posterior vector correlating better with the state of inflation of the lungs than with evidence of structural damage to the lungs.
Low voltage, the fourth diagnosis made by vectorcardiograms, appears to be a bad prognostic sign associated in all cases but one with pulmonary function test and x-ray evaluation data indicative of advanced pulmonary disease.
Much remains unknown about the cardiac effects of the pulmonary lesion of cystic fibrosis and about the abnormalities seen by vectorcardiography. The time relationships between the appearance of pulmonary involvement and the development of vectorcardiographic changes remain unknown, but it is suggested from the follow-up data that the abnormal vectorcardiogram shows evidence of long-term disease. It is important to note, however, that the abnormal vectorcardiogram may not be permanent and the possible reversibility of the electrical changes merits further investigation.
